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7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
6HOHFWLRQDQGSHHUUHYLHZXQGHUUHVSRQVLELOLW\RIWKH,QWHUQDWLRQDO6FLHQWLILF&RPPLWWHHRI³7KHWK&,53&RQIHUHQFHRQ0DQXIDFWXULQJ
6\VWHPV´LQWKHSHUVRQRIWKH&RQIHUHQFH&KDLU3URIHVVRU+RGD(O0DUDJK\
.H\ZRUGV0L[OHYHOLQJOHDQG\QDPLFV:,3
,QWURGXFWLRQ
(IILFLHQWSURGXFWLRQOHYHOLQJLQWHUPVRIYROXPHDQGPL[WR
HOLPLQDWH RYHUSURGXFWLRQ DV RQH IRUPRIZDVWHV LV DPRQJ
WKH IXQGDPHQWDO WDUJHWV RI OHDQ PDQXIDFWXULQJ 2YHU
SURGXFWLRQ PHDQV SURGXFLQJ PRUH VRRQHU RU IDVWHU WKDQ LV
UHTXLUHG E\ WKH QH[W SURFHVV >@ 2YHUSURGXFWLRQ FDXVHV
DGGLWLRQDO KDQGOLQJ LQVSHFWLQJFRXQWLQJDQG VWRULQJFRVWVRI
WKRVH QRW \HW QHHGHG SURGXFWV ,Q DGGLWLRQ ZLWK RYHU
SURGXFWLRQ:,3OHYHOVLQFUHDVHVDQGGHIHFWVUHPDLQKLGGHQLQ
WKH:,3 XQWLO WKH GRZQVWUHDP SURFHVV ILQDOO\ XVHV WKH SDUWV
DQG TXDOLW\ LVVXHV DUH GLVFRYHUHG +HLMXQND LV WKH -DSDQHVH
WHUP IRU ORDG RU SURGXFWLRQ OHYHOLQJ ZKLFK LV WKH OHDQ
PDQXIDFWXULQJ VWUDWHJ\ HPSOR\HG WR HOLPLQDWH RYHU
SURGXFWLRQ /HYHOHG SURGXFWLRQ DWWDLQV FDSDFLW\ EDODQFH DQG
V\QFKURQL]DWLRQ RI DOO SURGXFWLRQ RSHUDWLRQV RYHU WLPH LQ D
PDQQHU WKDWSUHFLVHO\ DQG IOH[LEO\PDWFKHVFXVWRPHUGHPDQG
IRUWKHV\VWHP¶VSURGXFWV,GHDOO\WKLVPHDQVSURGXFLQJHYHU\
SURGXFW LQ HYHU\ VKLIW LQ TXDQWLWLHV HTXDO WR GHPDQG DIWHU
VPRRWKLQJ RXW KLJK IUHTXHQF\ UDQGRP FRPSRQHQWV
0DQXIDFWXULQJSURFHVVHVVKRXOGEHRSHUDWHGDWWKHWDNWWLPHWR
DFKLHYHOHYHOSURGXFWLRQ
7KLV SDSHU LQYHVWLJDWHV WKH LPSDFWV RI RQH RI WKH WZR
DVSHFWVRISURGXFWLRQOHYHOLQJZKLFKLVPL[OHYHOLQJRYHURQH
RI WKH IXQGDPHQWDO ZDVWHV HQFRXQWHUHG E\ RYHU SURGXFWLRQ
ZKLFK LV WKH DFFXPXODWHG :,3 OHYHO '\QDPLF DQDO\VLV RI
YDULRXVPL[OHYHOLQJSROLFLHVLQDOHDQFHOOHPSOR\LQJG\QDPLF
FDSDFLW\ DQG SURGXFLQJ DW WDNW WLPH ZLOO EH WHVWHG DJDLQVW
DFFXPXODWHG:,3OHYHOV7KHRYHUDOOREMHFWLYHRIWKHDQDO\VLV
LV WR JDLQ EHWWHU XQGHUVWDQGLQJ RI KRZ WR VHW PL[ OHYHOLQJ
SROLFLHV LQ VLPLODU OHDQ HQYLURQPHQW ZKLOH PDQDJLQJ WKH
FDSDFLW\ VFDODELOLW\ HIIRUW OHDQ LPSOHPHQWDWLRQ FRVWV DQG
DFFXPXODWHG:,3OHYHOV
/LWHUDWXUHUHYLHZ
([WHQVLYH UHYLHZ DERXW OHDQPDQXIDFWXULQJ GHILQLWLRQV WKHLU
GHYHORSPHQWDQGUHODWHGUHVHDUFKZRUNFDQEHIRXQGLQ>@
,QWKLVVHFWLRQSDUWLFXODUO\IRFXVLVSODFHGRQUHODWHGERG\RI
ZRUN ZKLFK H[SORUHV OHDQ LPSOHPHQWDWLRQ¶V G\QDPLF
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PRGHOLQJDQGDQDO\VLVZLWKPRUHHPSKDVLVRQLPSOHPHQWDWLRQ
RI SURGXFWLRQ OHYHOLQJ DSSURDFKHV 9DULRXV UHVHDUFK ZRUNV
IRFXVHGRQ WKHJHQHUDO LPSOHPHQWDWLRQRI OHDQV\VWHPV IURP
G\QDPLFSHUVSHFWLYH7KHG\QDPLFVRISURFHVVGHVLJQLQOHDQ
V\VWHPV LPSOHPHQWDWLRQ XVLQJ D G\QDPLF YDOXH VWUHDP
PDSSLQJDSSURDFKZDVLQYHVWLJDWHGE\.RGXDHWDO>@7KH\
IRFXVHG RQ KRZ WR FKDQJH RUJDQL]DWLRQV GHFLVLRQV LQ
DFFRUGDQFH WR SURGXFW UHDOL]DWLRQ UHTXLUHPHQWV XVLQJ D
G\QDPLF PRGHOLQJ DSSURDFK $ JURXS RI TXDOLWDWLYH DQG
TXDQWLWDWLYH G\QDPLF UXOHV WR LPSOHPHQW OHDQPDQXIDFWXULQJ
ZHUH SUHVHQWHG >@ 7KH DSSURDFK IRFXVHG RQ KRZ WR PDNH
FXUUHQW PDVV SURGXFWLRQ LQGXVWULDO RSHUDWLRQ OHDQHU
$[LRPDWLF GHVLJQ SULQFLSOHV ZHUH DSSOLHG WR GHVLJQ OHDQ
PDQXIDFWXULQJ V\VWHPVZLWK IRFXV RQ OLQH VHJPHQWDWLRQ >@
7KH\ VKRZHG WKDW LQWHJUDWLQJ D[LRPDWLF GHVLJQ ZLWK OHDQ
PDQDJHPHQW LPSURYHG WKH GHVLJQ DQG SHUIRUPDQFH RI
PDQXIDFWXULQJ V\VWHPV7KHXVH RI GLVFUHWH HYHQW VLPXODWLRQ
'(6 DV D WRRO WR DVVLVW RUJDQL]DWLRQV ZLWK WKH GHFLVLRQ WR
LPSOHPHQWOHDQPDQXIDFWXULQJE\TXDQWLI\LQJWKHRSHUDWLRQDO
EHQHILWV DFKLHYHG IURP DSSO\LQJ OHDQ SULQFLSOHV ZDV
GHPRQVWUDWHG >@ 2WKHU VLPXODWLRQ VWXGLHV ZHUH DOVR
FRQGXFWHGWRLQYHVWLJDWHWKHLPSDFWRI-XVWLQ7LPH-,7DQG
SXOO OHDQ SULQFLSOHV RQ LPSURYLQJ PDQXIDFWXULQJ V\VWHP
RSHUDWLRQDOSHUIRUPDQFH >DQG@7KHDSSURDFKE\ OLDQHW
DO >@ FRPELQHG VLPXODWLRQ DQG YDOXH VWUHDP PDSSLQJ
WRJHWKHUZLWK H[LVWLQJ GDWD EDVHV RI SURGXFWLRQ WR GHYHORS D
WRRO IRU DVVHVVLQJ OHDQ LPSOHPHQWDWLRQ 7KH\ LQWURGXFHG D
PRGHOJHQHUDWRUWRFRPSDUHWKHFXUUHQWDQGWKHIXWXUHV\VWHP
EDVHGRQLPSURYLQJWKHYDOXHVWUHDP7KHFRPSDULVRQDOORZV
PDQJHUVWRPDNHEHWWHUGHFLVLRQVRQZKHQZKHUHDQGKRZWR
LPSOHPHQWOHDQPDQXIDFWXULQJIURPDYDOXHSHUVSHFWLYH'(6
ZDVDOVRXVHG WRH[DPLQHLPSDFWRILPSOHPHQWLQJERWK/HDQ
DQG*UHHQSROLFLHVRQRYHUDOOV\VWHPSHUIRUPDQFH>@7KH\
SUHVHQWHG D FDVH VWXG\ ZKLFK VKRZHG WKDW ZKHQ /HDQ DQG
*UHHQ WHFKQLTXHV DUH ZHOO WDLORUHG WR WKH V\VWHP XVLQJ
VLPXODWLRQRSWLPDOV\VWHPSHUIRUPDQFHFDQUHVXOW
6SHFLILF LPSOHPHQWDWLRQ RI SURGXFWLRQ OHYHOLQJ +HLMXQND
LQFOXGHV WKH HDUO\ ZRUN RI 0RQGHQ >@ ZKR VXJJHVWHG D
VLPSOHDOJRULWKPIRU+HLMXQNDVFKHGXOLQJ WKDWKDVEHHQXVHG
LQSUDFWLFH,WZDVQRWHGWKDWLPSOHPHQWDWLRQRI+HLMXQNDZDV
RQO\ SRVVLEOH ZKHQ IHZ VFKHGXOH GLVWXUEDQFHV H[LVWHG LH
GHPDQGZDVUHODWLYHO\VWDEOHDQGSUHGLFWDEOH>@7KHWUDGH
RII EHWZHHQ+HLMXQND DQG V\VWHP¶V UHVSRQVLYHQHVVZDV DOVR
GHPRQVWUDWHG >@ $Q DXWRPRWLYH FDVH VWXG\ ZDV XVHG WR
GHPRQVWUDWH WKH QHHG WR EDODQFH EHWZHHQ +HLMXQND DQG WKH
-XVW LQ 6HTXHQFH DSSURDFK LI WKH FXVWRPHU UHTXLUHPHQWV DUH
G\QDPLF LQ QDWXUH >@ $ G\QDPLF FDSDFLW\ VFDODELOLW\
PHFKDQLVP WKDW LQFRUSRUDWHV WKH DFFXPXODWHG EDFNORJ DQG
:,3OHYHOVWREHWWHUPDQDJHVWKHWUDGHRIIEHWZHHQ+HLMXQND
DQGUHVSRQVLYHQHVVZDVDOVRVXJJHVWHG>DQG@
7KH SUHYLRXVZRUN IRFXVHG RQ VXFFHVVIXO LPSOHPHQWDWLRQ
RI YDULRXV OHDQ WHFKQLTXHV ZKLOH IHZ RQO\ IRFXVHG RQ
SURGXFWLRQ OHYHOLQJ 7KH DQDO\VLV RI SURGXFWLRQ OHYHOLQJ
G\QDPLFVZDVGLUHFWHGWRH[SORUHWKHLPSDFWRIVXFKSULQFLSOH
RQUHVSRQVLYHQHVVZKLOHOHVVDWWHQWLRQZDVSDLGWRWKHLPSDFW
RI WKLV OHDQ SULQFLSOH RQ DFFXPXODWHG :,3 RYHU WLPH 7KLV
SDSHU VKHG VRPH OLJKW RQ WKH G\QDPLFV DVVRFLDWHG ZLWK
SURGXFWLRQOHYHOLQJLQOHDQHQYLURQPHQWZLWKIRFXVRQ:,3DV
NH\SHUIRUPDQFHLQGLFDWRU
'\QDPLF/HDQ&HOO
7KH V\VWHPG\QDPLFPRGHO IRU D OHDQPDQXIDFWXULQJ FHOO
E\ >@ LV DGRSWHG DQG PRGLILHG WR LQFRUSRUDWH SURGXFWLRQ
OHYHOLQJOHDQPHFKDQLVPV7KHQHZPRGHOLVVKRZQLQILJXUH
7KHGLVSOD\HGV\VWHPLVFRPSRVHGRIDGHPDQGFRPSRQHQW
WKDW FDSWXUHV WKH VWRFKDVWLF QDWXUH RI WKH GHPDQG DQG
WUDQVODWHV LW WR WDNW WLPH DQG SXOO UDWH 7KH SURGXFWLRQ
FRPSRQHQW LV PRGHOHG DV D OHDQ FHOO ZLWK WKUHH SURGXFWLRQ
FHQWHUVRUVWDWLRQV7KHSURGXFWLRQLVFRQWUROOHGE\DSXOOUDWH
ZKLFK LV IXQFWLRQ RI WDNW WLPH DQG LV DIIHFWHG E\ WKH
DYDLODELOLW\ RI PDWHULDOV YLD WKH -,7 PHFKDQLVP 7KH
SURGXFWLRQOHYHOLQJLVPDLQWDLQHGWKURXJKDVHTXHQFLQJSROLF\
ZKLFK LPSDFWV WKH FKDQJHRYHU WLPH DQG DOVR WKURXJK D
VFDODEOH FDSDFLW\ FRPSRQHQW 7KH EDFNORJ RI WKH GHYHORSHG
FHOO LV PRQLWRUHG DV ZHOO DV WKH DFFXPXODWHG RYHUDOO :,3
OHYHO (DFK RI WKHVH V\VWHP¶V FRPSRQHQWV DQG WKHLU
LQWHUDFWLRQVDUHGLVFXVVHGLQGHWDLOVLQWKLVVHFWLRQ

1RPHQFODWXUH
%WWKHEDFNORJOHYHODWWLPHW
:,3LWWKH:,3OHYHODWWLPHWDWVWDWLRQL
,35WWKHLQSXWSURGXFWLRQUDWH
35WWKHSXOOUDWH
365WWKHSURGXFWLRQVWDUWUDWHDWWLPHW
$'WWKHDYHUDJHGHPDQGDWWLPHW
6'WKHVWDQGDUGGHYLDWLRQIRUGHPDQGGLVWULEXWLRQ
$YDEWKHV\VWHPDYDLODELOLW\
,2WWKHLQFRPLQJRUGHUVDWWLPHW
22WWKHRXWJRLQJRUGHUVDWWLPHW,WLVWKHUDWHRISK\VLFDO
SURGXFWOHDYLQJWKHFHOO
7:,3WWKHWRWDO:,3RIWKHV\VWHPDWWLPHW
+)2WWKHKRXUO\ILOOHGRUGHUVDWWLPHW
$7WKHPDQXIDFWXULQJDYDLODEOHWLPH
77WKHWDNWWLPH
5&WWKHSHUFHQWDJHRIWKHUHTXLUHGFDSDFLW\WREHVFDOHG
DWWLPHW
6'7WKHVFDODELOLW\GHOD\WLPH
667WKHVWDQGDUGVKLIWWLPH
&2FKDQJHRYHUWLPH
&2VWGVWDQGDUGWLPHIRUHDFKFKDQJHRYHU
0/6PL[OHYHOOLQJVHTXHQFH
-,7HII-,7LPSOHPHQWDWLRQHIILFLHQF\
60('HII60('LPSOHPHQWDWLRQHIILFLHQF\
6WRFKDVWLF0DUNHW'HPDQG
7KH PDUNHW GHPDQG LV PRGHOOHG DV D VWRFKDVWLF SDUDPHWHU
ZLWKGHSHQGHQWGLVWULEXWLRQRUSLQNQRLVHLQ(TXDWLRQV
  
$'W1RLVHW

 6HHG1RUPDO&7'7
&7'76':KLWH »¼
º«¬
ª  
&7
1RLVHW:KLWH1RLVHW3LQN1RLVH3LQNLQ  &KDQJH 
7KHGHPDQGUDWH'5LVFDOFXODWHGLQHTXDWLRQ
'5W &KDQJHLQ3LQN1RLVH8QLWWLPH
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7DNW7LPHDQG$YDLODEOH7LPH
7DNW WLPH LV FDOFXODWHG E\ GLYLGLQJ DYDLODEOH WLPH E\ WKH
FXVWRPHUGDLO\GHPDQGUDWHDVVKRZQLQHTXDWLRQǣ
 W'5
$777  
     ȋͶȌ
7KH OHDQ FHOO LV DXJPHQWHG ZLWK G\QDPLF FDSDFLW\
PHFKDQLVP7KXVWKHDYDLODEOHWLPHLVFDOFXODWHGDVIXQFWLRQ
RI WKH VWDQGDUG VKLIW WLPH 667 SOXV KRXUV EDVHG RQ VFDOHG
FDSDFLW\ LI QHHGHG7KH H[WUD DYDLODEOH WLPH LV LQWURGXFHG WR
PDLQWDLQ SURGXFWLRQ YROXPH OHYHOOLQJ 7KH PL[ SROLF\ LV
UHIOHFWHG LQ WKH PRGHO WKURXJK FKDQJHRYHU WLPH &2 7KH
FKDQJHRYHU WLPH LV FDOFXODWHG EDVHG RQ WKH QXPEHU RI
FKDQJHRYHUV PXOWLSOLHG E\ WKH FKDQJHRYHU VWDQGDUG WLPH LQ
HTXDWLRQ7KHFKDQJHRYHUWLPHFDQEHLPSURYHGE\HIILFLHQW
60(' OHDQ PHFKDQLVP 7KH &2 LV VXEWUDFWHG IURP WKH
DYDLODEOHWLPHZKLFKLVWKXVFDOFXODWHGHTXDWLRQǣ
HIIVWG 60('&2LF\HYHOLQJ3RORGXFWLRQO/&2 3U ȋͷȌ
&25&667$7      ȋ͸Ȍ
'\QDPLF&DSDFLW\0RGHOLQJ
7KH XVH RI G\QDPLF FDSDFLW\ WHFKQLTXHV LVPRUH FRPPRQ
ZLWKLQ WRGD\¶V QHZ SDUDGLJPV RI FKDQJHDEOH DQG
UHFRQILJXUDEOH V\VWHPV >@ $ K\EULG VFDOLQJ SROLF\ LV
HPSOR\HGWRFDOFXODWHWKHUHTXLUHGVFDODELOLW\OHYHOEDVHGRQD
UHODWLYH SHUFHQWDJH RI ERWK DFFXPXODWHG :,3 DQG EDFNORJ
OHYHOVZLWKUHVSHFWWRGHPDQGDVH[SODLQHGE\'HLI>@7KH
UHTXLUHG FDSDFLW\ EDVHG RQ WKH K\EULG SROLF\ LV VKRZQ LQ
HTXDWLRQ  6FDOLQJ GHOD\ WLPH 6'7 LV DOVR FDSWXUHG DV
LQVWDQWDQHRXVFDSDFLW\VFDODELOLW\LVLPSUDFWLFDOǤ
'56'7
W%DFNW7:,3W5& ORJ »¼
º«¬
ª  
   ȋ͹Ȍ
3URGXFWLRQ&RQWURO
7KH:,3OHYHODWHDFKVWDWLRQLQWKHOHDQFHOOLVGHWHUPLQHGE\
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

WKH GLIIHUHQFH EHWZHHQ WKH SURGXFWLRQ UDWH RI WKH FXUUHQW
VWDWLRQDQGWKHSURGXFWLRQUDWHRIWKHQH[WRQHHTXDWLRQ
 

W356W356W:,3 LLL   ȋͺȌ
7RGHPRQVWUDWHWKHSXOOG\QDPLFVSURGXFWLRQUDWHLVVHWWR
EH HTXDO WR D SXOO UDWH FDOFXODWHG EDVHG RQ WDNW WLPH ,Q
DGGLWLRQ WKHSXOO UDWHDWHDFKVWDJH LVDOVRGHWHUPLQHGEDVHG
RQPDFKLQHDYDLODELOLW\DVZHOODVUHDGLQHVVRIPDWHULDOVDQG
VXEDVVHPEOLHV UHTXLUHG IRU HDFK VWDJH7R LOOXVWUDWH WKH UROH
RI OHDQ WRROV LQ VXFFHVVIXO SURGXFWLRQ OHYHOOLQJ SROLFLHV WKH
DYDLODELOLW\ RI PDFKLQHV FDQ EH LQFUHDVHG E\ DSSO\LQJ WRWDO
SURGXFWLYHPDLQWHQDQFH 730ZKLFK LV UHIHUUHG WR DV730
HIILFLHQF\ )XUWKHUPRUH WKH UHDGLQHVV RI PDWHULDOV DQG VXE
DVVHPEOLHV FDQ LQFUHDVH WKURXJK DSSO\LQJ -,7 WHFKQLTXHV
ZKLFK DUH UHIHUUHG WR DV -,7 HIILFLHQF\ 7KH DYDLODELOLW\ RI
HDFK VWDJH LV VWRFKDVWLFDOO\ PRGHOOHG DV UDQGRP XQLIRUP
GLVWULEXWLRQ7KHSUHYLRXVSURGXFWLRQG\QDPLFVDUHVKRZQLQ
HTXDWLRQVǤ

7DNW8QLW7LPH778QLW  W35   ȋͻȌ
LIIH-,7W35W,35       ȋͳͲȌ
HIILHIIL 730$YDE-,7W35W356 L     ȋͳͳȌ
%DFNORJ&DOFXODWLRQ
%DFNORJLVFDOFXODWHGDVWKHGLIIHUHQFHEHWZHHQLQSXWRUGHU
UDWH DQG RXWJRLQJ RUGHU UDWH 7KH RXWJRLQJ RUGHU UDWH LV D
IXQFWLRQ LQKRXUO\ ILOOHGRUGHUEDVHGRQERWKSURGXFWLRQDQG
DYDLODEOHWLPH%DFNORJFDOFXODWLRQVDUHLQHTXDWLRQVͷ


W,2W22W%      ȋͳʹȌ


W'5W,2      ȋͳ͵Ȍ


W+)2W22      ȋͳͶȌ
$7356W  W+)2    ȋͳͷȌ
:,3IRU
6WDWLRQ
:,3IRU
6WDWLRQ
:,3IRU
6WDWLRQ
,QSXW3URGXFWLRQ
5DWH
356
'HPDQG5DWH
$YDLODEOH7LPH
7DNW7LPH 3XOO5DWH
%DFNORJ
2XWJRLQJ2UGHUV,QFRPLQJ2UGHUV
5HTXLUHG
&DSDFLW\
6FDOLQJ'HOD\
7LPH
$YDLDODELOLW\
8QLW7LPH
356
356
7DNW8QLW
+RXUO\)LOOHG
2UGHUV
7RWDO:,3
6WDQGDUG
6KLIW7LPH
3LQN1RLVH
&KDQJHLQ
3LQN1RLVH
:KLWH1RLVH&RUUHODWLRQ7LPH
3URGXFWV9ROXPH
6'
'7
6HHG
8QLW7LP
5DZPDWHULDO-,7
HIIHFLHQF\
&KDQJHRYHU7LPH
60('
HIIHFLHQF\
0L[/HYHOLQJ
6HTXHQFH
6XEDVVHPEO\-,7
HIIHFLHQF\
6XEDVVHPEO\-,7
HIIHFLHQF\6XEDVVHPEO\-,7
HIIHFLHQF\
730HIIHFHLQF\
)LJ'\QDPLFVRI:,3OHYHOLQVFDODEOHOHDQPDQXIDFWXULQJFHOO
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6WXG\LQJOHDQPL[OHYHOLQJDQG:,3OHYHOG\QDPLFV
$FDVHVWXG\IRUDOHDQFHOODVVHPEOLQJFRQVXPHUHOHFWURQLFV
SURGXFWV LV DGRSWHG >@ WR GHPRQVWUDWH WKH LPSDFW RI PL[
OHYHOLQJSROLFLHVZLWKG\QDPLFFDSDFLW\RQDFFXPXODWHG:,3
7KHIDFLOLW\ LVFRPSRVHGRIVL[ LGHQWLFDO OHDQFHOOVZLWKRQO\
IRXU SODQQHG IRU SURGXFWLRQ DQG WKH RWKHU WZR UHSUHVHQW
FDSDFLW\ VFDODELOLW\ RSWLRQV )RU DQDO\VLV SXUSRVHV WKH
SURGXFWLRQG\QDPLFVRIWKHLGHQWLFDOFHOOVDUHDJJUHJDWHGLQWR
RQH UHSUHVHQWDWLYH FHOO 7ZR SURGXFWV DUH FRQVLGHUHG 7KH
SURGXFWLRQSURFHVVLQHDFKFHOOLVFDUULHGRXWLQWKUHHVWDWLRQV
6WDWLRQ RQH LV GHGLFDWHG IRU DVVHPEO\ VWDWLRQ WZR LV
UHVSRQVLEOHIRUERWKLQVSHFWLRQDQGWHVWLQJDQGVWDWLRQWKUHHLV
XVHGIRUSDFNLQJ(DFKVWDWLRQLVVXSSOLHGZLWKSDUWVIURPWZR
SDUWV VWRUDJH DUHDV DQG WZR VDWHOOLWH VXEDVVHPEO\ DUHDV
6KLSPHQWV DUH VFKHGXOHG HYHU\ WZRZHHNV $OO DQDO\VHV DUH
PRQLWRUHG RYHU D RQH PRQWK  KRXUV 'DWD IRU WKH
V\VWHP¶VEDVHFDVHVFHQDULRLVOLVWHGLQWDEOH

7DEOH,QSXWGDWDIRUHOHFWURQLFSURGXFWV¶OHDQDVVHPEO\FHOO
 
'HPDQGUDWHPHDQDQG
VWDQGDUGGHYLDWLRQ
SDUWVKRXUSDUWVKRXU
1XPEHURISDUWV SDUWVSDUWVKRXUHDFK
6WDQGDUGVKLIWWLPH KRXUVGD\KZHHNKPRQWK
6WDWLRQDYDLODELOLW\ 
6WDWLRQDYDLODELOLW\ 
6WDWLRQDYDLODELOLW\ 
6FDOLQJGHOD\WLPH KRXU
&KDQJHRYHUWLPH KRXU
,PSDFWRIG\QDPLFFDSDFLW\OLPLWVRQ:,3OHYHOIRU
GLIIHUHQWPL[OHYHOLQJSROLFLHV
7KH LPSDFW RI GLIIHUHQW FDSDFLW\ VFDODELOLW\ OLPLWV IRU ORZ
DQG KLJK SURGXFW PL[ OHYHOLQJ SROLFLHV RQ WKH DFFXPXODWHG
:,3 OHYHO LV LQYHVWLJDWHG 7KH SXUSRVH LV WR JDLQ DQ LQLWLDO
LQVLJKW LQWR WKH EHKDYLRU RI DQ LPSRUWDQW LQWHUQDO V\VWHP
DVSHFWZKLFK LV WKH DFFXPDOWHG:,3 OHYHOZKLOH FRQVLGHULQJ
WKH WZR SURGXFWLRQ OHYHOLQJ DSSURDFKHV YROXPH OHYHOLQJ
WKURXJK FDSDFLW\ VFDODELOLW\ DQG PL[ OHYHOLQJ WKURXJK
GLIIHUHQWGHOLYHU\VHTXHQFLQJVFHQDULRV)LJXUHGLVSOD\VWKH
DFFXPXODWHG :,3 DW GLIIHUHQW FDSDFLW\ VFDOLQJ OHYHOV
H[SUHVVHGDVSHUFHQWDJHRIWKHQRUPDODYDLODEOHFDSDFLW\IRU
WZR PL[ OHYHOLQJ VFHQDULRV 7KH ILUVW LV IRU D GHOLYHU\
VHTXHQFH RI EDWFKHV RI VL]H  RI HDFK SURGXFWZKLFKZLOO
LQFOXGHFKDQJHRYHUVSHUPRQWKWKLVVFHQDULRLVUHIHUUHGWR
DVKLJKPL[OHYHOLQJSROLF\7KHVHFRQGVFHQDULRLVIRUDEDWFK
VL]HRIZKLFK UHTXLUHVFKDQJHRYHUVSHUPRQWK DQG LV
UHIHUUHG WRDV ORZPL[ OHYHOLQJSROLF\ ,QYHVWLJDWLQJ ILJXUH
UHYHDOVWKHIROORZLQJ

x 7KH :,3 DFFXPXODWLRQ OHYHOV LQ ERWK VFHQDULRV VKRZ
VLPLODUEHKDYLRUDWGLIIHUHQWFDSDFLW\VFDODELOLW\OHYHOVIRUD
FHUWDLQ SURGXFWLRQ SHULRG DURXQG  RI WKH FRQVLGHUHG
SHULRGEHIRUH WKH\EHFRPHGLIIHUHQWLDWHG7KLV KLJKOLJKWV
WKH LPSRUWDQFH RI FDXWLRQ ZLWK UHJDUG WR GHFLGLQJ KRZ
PXFK WR LQYHVW LQ FDSDFLW\ VFDOLQJ RSWLRQV UHODWLYH WR WKH
SODQQHGSURGXFWLRQSHULRG DQG WKXV WKHEDWFK VL]H:LWK
VPDOOHU SURGXFWLRQ SHULRGV IRU WKH JLYHQ VHWWLQJV ORZHU
FDSDFLW\ VFDODELOLW\ RSWLRQVZLOOSHUIRUPH[DFWO\ WKH VDPH
DV KLJKHU VFDOLQJ RSWLRQV FRQVLGHULQJ :,3 OHYHO DV D
SHUIRUPDQFHLQGH[
x $V H[SHFWHG WKH DFFXPXODWHG :,3 OHYHO DW KLJK PL[
OHYHOLQJSROLF\LVKLJKHUWKDQWKDWDWWKHORZPL[OHYHOLQJ
$OLJQLQJWKHV\VWHPZLWKKLJKGHJUHHVRIPDUNHWYDULDWLRQ
UHIOHFWHG LQPL[ OHYHOLQJ DOZD\V KDV LWV QHJDWLYH LPSDFW
RQ WKH V\VWHP LQWHUQDO VWDELOLW\ ZKLFK UHTXLUHV D ZHOO
SODQQHGWUDGHRIIEHWZHHQUHVSRQVLYHQHVVOHYHODQGLQWHUQDO
SURGXFWLRQVWDELOLW\
x &DSDFLW\ VFDODELOLW\ KDV D SRVLWLYH LPSDFW LQ PDQDJLQJ
YROXPHOHYHOLQJDVZHOODVUHGXFLQJWKHDFFXPXODWHG:,3
OHYHO7KLVLVVKRZQZLWKWKHGHFUHDVHRIWKH:,3OHYHODV
WKHVFDOLQJSHUFHQWDJHLQFUHDVHV,WLVLPSRUWDQWWRQRWHWKDW
WKLVLVDOVRGXHWRWKHFDSDFLW\VFDODELOLW\SROLF\DGRSWHGLQ
WKLVPRGHOZKLFK WDNHV LQWR DFFRXQW WKH UHTXLUHG YROXPH
OHYHOLQJREMHFWLYHDVZHOODVDFFXPXODWHG:,3DQGEDFNORJ
DVH[SODLQHGLQHTXDWLRQ
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E
)LJ:,3OHYHOSHUIRUPDQFHFRPSDULVRQIRUGLIIHUHQWFDSDFLW\VFDODELOLW\
OHYHOVDWDKLJKPL[OHYHOOLQJSROLF\EORZPL[OHYHOOLQJSROLF\
,PSDFWRIOHDQWRROVRQ:,3OHYHODWKLJKPL[OHYHOLQJ
SROLFLHVZLWKG\QDPLFFDSDFLW\
,Q WKLV VHFWLRQ WKH LPSDFW RI 60(' DQG -,7 OHDQ
PHFKDQLVPV RQ WKH DFFXPXODWHG :,3 LV H[SORUHG 6LQJOH
PLQXWHH[FKDQJHRIGLH60('LVDOHDQDSSURDFKWRUHGXFH
7RWDO:,3





          
7LPH+RXU
3D
UWV
7RWDO:,3FDSDYDLOSHUFHQW
7RWDO:,3FDSDYDLOSHUFHQW
7RWDO:,3FDSDYDLOSHUFHQW
7RWDO:,3





          
7LPH+RXU
3D
UWV
7RWDO:,3FDSDYDLOSHUFHQW
7RWDO:,3FDSDYDLOSHUFHQW
7RWDO:,3FDSDYDLOSHUFHQW
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VHWXS WLPH WR EH ZLWKLQ VLQJOH GLJLW RI PLQXWHV 7KLV
PHFKDQLVPLVIXQGDPHQWDOIRUSURGXFWPL[OHYHOLQJVLQFHWKH
ODWWHU UHTXLUHV PXOWLSOH FKDQJHRYHUV EHWZHHQ GLIIHUHQW
SURGXFWV GXULQJ SURGXFWLRQ WR DFKLHYH WKH UHTXLUHG PDUNHW
OHYHOLQJ 7KH HIILFLHQF\ RI 60(' DSSOLFDWLRQ DIIHFWV WKH
G\QDPLFVRI WKHPRGHOHG OHDQFHOOE\GHFUHDVLQJ WKHFKDQJH
RYHUWLPH ZKLFK LV IXQFWLRQ LQ WKH QXPEHU RI PL[ OHYHOLQJ
VHTXHQFLQJHTXDWLRQ)LJXUHVKRZVWKHJHQHUDOSRVLWLYH
LPSDFW RI60('DSSOLFDWLRQRQ WKH DFFXPXODWHG:,3DW WKH
KLJK PL[ SROLF\ PHQWLRQHG HDUOLHU $OVR WKH :,3 OHYHO
GHFUHDVHVDVWKHHIILFLHQF\RIWKH60('DSSOLFDWLRQLQFUHDVHV
KLJKOLJKWLQJ WKH LQYHUVH SURSRUWLRQDO UHODWLRQVKLS EHWZHHQ
60('PHFKDQLVPVDQG:,3OHYHODWPL[OHYHOLQJSURGXFWLRQ
HQYLURQPHQW ,Q WKLV DQDO\VLV KLJK 60(' HIILFLHQF\
GHFUHDVHV WKH&2 WLPH E\  DYHUDJH HIILFLHQF\ E\ 
DQGORZHIILFLHQF\E\
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)LJ:,3OHYHOSHUIRUPDQFHFRPSDULVRQIRUGLIIHUHQW60('
LPSOHPHQWDWLRQHIILFLHQF\

)LJXUH  GHPRQVWUDWHV WKH LPSDFW RI -,7 PHFKDQLVPV
.DQEDQFDUGVVXSHUPDUNHWV«HWFRQWKHDFFXPXODWHG:,3
6XFFHVVIXO -,7 LPSOHPHQWDWLRQ HQKDQFHV WKH SXOO UDWH DW
GLIIHUHQWVWDJHV WRRSHUDWHHIIHFWLYHO\DWWDNWWLPH7KHILJXUH
FRPSDUHV WKH DFFXPXODWHG :,3 OHYHOV DW YDULRXV FDSDFLW\
VFDODELOLW\OLPLWVZKHQLPSOHPHQWLQJ-,7ZLWKDQG
HIILFLHQF\-,7HIILQHTXDWLRQHTXDOVDQGUHVSHFWLYHO\
$QDO\VLVRIWKHVHUHVXOWVVXJJHVWVWKHIROORZLQJ

x ,PSURYLQJ -,7 LPSOHPHQWDWLRQ IURP  WR 
GHFUHDVHG WKH DFFXPXODWHG :,3 E\ DQ DYHUDJH RI 
7KLV UHGXFWLRQ RI :,3 OHYHO ZRXOG KHOS WR SD\ IRU WKH
UHTXLUHG LQYHVWPHQW DQG HIIRUW WRPDLQWDLQ -,7 SROLFLHV LQ
VLPLODUOHDQV\VWHPV
x $WKLJK-,7HIILFLHQF\WKHFDSDFLW\VFDODELOLW\OLPLWVGRQRW
DIIHFW WKH:,3 SHUIRUPDQFH 7KH UHDVRQ EHKLQG WKLV QRQ
FRQYHQWLRQDO ILQGLQJ LV WKDW DW WKH VHOHFWHG VHWWLQJ WKH
DYDLODELOLW\RIPDWHULDOVZLWKEDODQFHGSXOOUDWHDWWDNWZLOO
KHOS WKH SURGXFWLRQ VWDJHV WR PDLQWDLQ PLQLPDO :,3 DV
ORQJ DV WKH PDFKLQH DYDLODELOLW\ LV KLJK DV LQ WKH
FRQVLGHUHG FDVH ([WUD FDSDFLW\ LQ VXFK VFHQDULR ZRXOG
RQO\EHUHTXLUHGZKHQPDFKLQHDYDLODELOLW\GHFUHDVHV7KH
GHFLVLRQWRLQYHVWLQFDSDFLW\VFDODELOLW\SURYLVLRQVRUKLJK
HIILFLHQF\-,7PHFKDQLVPVLVOHIWWRWKHOHDQSODQQHUVDVLW
YDULHVIURPRQHV\VWHPWRWKHRWKHU















D















E

)LJ:,3OHYHOSHUIRUPDQFHFRPSDULVRQIRUGLIIHUHQWFDSDFLW\VFDODELOLW\
OHYHOVDWD-,7LPSOHPHQWDWLRQHIILFLHQF\DQGE-,7
LPSOHPHQWDWLRQHIILFLHQF\
&RQFOXVLRQV
$ G\QDPLF PRGHO IRU D OHDQ FHOO LPSOHPHQWLQJ VFDODEOH
FDSDFLW\ DQG FDSWXULQJ GLIIHUHQW OHDQ PHFKDQLVPV ZDV
GHYHORSHG 7KH DQDO\VLV RI WKH GHYHORSHGPRGHO IRFXVHG RQ
WKH LPSDFW RI WKH VFDODEOH FDSDFLW\ OLPLWDWLRQV DV ZHOO DV
VXFFHVVIXO LPSOHPHQWDWLRQ RI WKH PRGHOHG OHDQ PHFKDQLVPV
RQ WKH DFFXPXODWHG:,3 OHYHO DV D SHUIRUPDQFHPHWULF7KH
PDLQILQGLQJVDUHVXPPDUL]HGDV

x '\QDPLFFDSDFLW\VFDODELOLW\LVHVVHQWLDOIRUVXFFHVVIXOPL[
OHYHOLQJ SROLF\ WR DFFRXQW IRU PDUNHW XQFHUWDLQW\
FKDQJHRYHUWLPHDQGRWKHULQWHUQDOGLVWXUEDQFHV7KHWUDGH
RII EHWZHHQ UHTXLUHG FRVW RI FDSDFLW\ VFDODELOLW\ DQG WKH
JDLQHGEHQHILWV LQ WHUPVRIPDUNHW UHVSRQVLYHQHVVDVZHOO
DVUHGXFHG:,3OHYHOVZDVGHPRQVWUDWHG
x $Q LPSRUWDQW SUDFWLFDO ILQGLQJ FRQFHUQLQJ LQYHVWLQJ LQ
FDSDFLW\ VFDODELOLW\ RSWLRQV VXFK DV DGGLWLRQDO PDFKLQHV
ZDV GHPRQVWUDWHG WKURXJK WKH G\QDPLFV RI :,3
DFFXPXODWLRQ ZLWKLQ WKH VHOHFWHG OHDQ VHWWLQJV 5HVXOWV
VKRZHGWKDWPLQLPXPFDSDFLW\VFDODELOLW\LQYHVWPHQWVFDQ
SD\ RII IRU FDVHV RI VKRUW SURGXFWLRQ SHULRGV LH VPDOO
EDWFK VL]HV DV ZHOO DV KLJK HIILFLHQF\ RI -,7
LPSOHPHQWDWLRQZLWKKLJKPDFKLQHDYDLODELOLW\
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x ,QPL[ OHYHOLQJ OHDQHQYLURQPHQWPXFKHIIRUWQHHGV WREH
GHGLFDWHGWRLPSOHPHQWLQJVLQJOHPLQXWHH[FKDQJHRIGLHV
60(' PHFKDQLVPV 7KH VLJQLILFDQW GHFUHDVH LQ
FKDQJHRYHU WLPH UHVXOWHG E\ 60(' PHFKDQLVPV
FRQWULEXWHV WR:,3OHYHOUHGXFWLRQ6XFKUHGXFWLRQVKRXOG
EHFRQVLGHUHGIRUWKHMXVWLILFDWLRQRIDOORFDWLQJUHVRXUFHVWR
LPSOHPHQW60('

)XWXUH UHVHDUFK ZLOO IRFXV RQ WKH LPSDFW RI DYDLODELOLW\ RI
PDFKLQHV DQG LWV OHDQ 730 PHFKDQLVP HIILFLHQF\ RQ :,3
DFFXPXODWLRQ ,Q DGGLWLRQ WKH LPSDFW RI FDSDFLW\ VFDODELOLW\
GHOD\ WLPH:,3 DFFXPXODWLRQ ZLOO EH H[SORUHG )LQDOO\ WKH
HIIHFW RI PDUNHW XQFHUWDLQW\ RQ WKH JHQHUDO OHDQ
LPSOHPHQWDWLRQHIILFLHQF\ZLOOEHIXUWKHULQYHVWLJDWHG
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